Insulin administration is the preferred way to control hyperglycemia in hospitalized patients, with a starting threshold below 180 mg/dL then maintaining a level between 140 and 180 mg/dL. H yperglycemia in hospitalized patients, with or without diabetes, is associated with adverse outcomes including increased rates of infection and mortality and longer hospital length of stay. [1] [2] [3] The rates of complications and mortality are even higher in hyperglycemic patients without a history of diabetes than in those with diabetes. 1, 2 Randomized clinical trials in critically ill and noncritically ill hyperglycemic patients demonstrate that improved glycemic control can reduce hospital complications, systemic infections, and hospitalization cost. [4] [5] [6] However, intensive glycemic therapy is associated with increased risk of hypoglycemia, which is independently associated with increased morbidity and mortality in hospitalized patients. The concern about hypoglycemia has led to revised blood glucose target recommendations from professional organizations and a search for alternative treatment options.
This manuscript provides a review of updated recommendations for the management of inpatients with hyperglycemia in the critical care and general medical and surgical settings.
  HYPERGLYCEMIA IN CRITICAL CARE SETTINGS
A substantial body of evidence links hyperglycemia in critically ill patients to higher rates of hospital complications, longer hospital stay, higher healthcare resource utilization, and greater hospital mortality. 7, 8 Although evidence from several cohort studies and randomized clinical trials suggests that tight glucose control can reduce hospital complications and mortality, 9,10 this target has been diffi cult to achieve without increasing the risk of severe hypoglycemia. In addition, data from trials using intense glycemic control in patients in the intensive care unit (ICU) have failed to show a signifi cant improvement in mortality and, in some instances, showed increased mortality risk associated with the therapy.
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The recommended target glucose levels are 140 to 180 mg/dL for most ICU patients. 13 In agreement with this, the recent GLUCO-CABG trial reported no signifi cant differences in the composite end points of complications and death between an intensive glucose target of 100 to 140 mg/dL and a conservative target of 141 to 180 mg/dL after cardiac surgery. 14 
  HYPERGLYCEMIA IN NONCRITICAL CARE SETTINGS
In general medical and surgical patients, a strong association has been reported between hyperglycemia and prolonged hospital stay, infection, and disability after hospital discharge. 1, 15, 16 For example, the risk of postoperative infections in patients undergoing general surgery was estimated to increase by 30% for every 40 mg/dL rise in glucose over normo glycemia (< 110 mg/dL). 16 In general, appropriate glycemic control to maintain recommended glycemic levels in noncritically ill patients can reduce the risks and improve outcomes.   HYPOGLYCEMIA INCIDENCE Hypoglycemia, defi ned as glucose less than 70 mg/dL, is a common complication of hyperglycemia treatment. 17 Severe hypoglycemia is defi ned as glucose less than 40 mg/dL. 18 The incidence of hypoglycemia in ICU trials ranged between 5% and 28%, depending on the intensity of glycemic control, 19 and between 1% and 33% in non-ICU trials using subcutaneous (SC) insulin therapy. 20 The most important hypoglycemia risk factors include older age, kidney failure, change in nutritional intake, interruption of glucose monitoring, previous insulin therapy, and failure to adjust therapy when glucose is trending down or steroid therapy is being tapered. 21, 22 In hospitalized patients with diabetes, hypoglycemia has been associated with poor outcomes, including a 66% increased risk of death within 1 year and 2.8 days longer hospital stay compared with patients without hypoglycemia. 23 Hypoglycemia also has been associated with prolonged QT interval, ischemic electro cardiogram changes, angina, arrhythmias, and sudden death in patients with type 1 diabetes. 24 Despite these observations, other studies have reported that the increased in-hospital mortality rate is limited to patients with spontaneous hypoglycemia rather than drug-associated hypoglycemia, 25 raising the possibility that hypoglycemia may represent a marker of disease burden rather than be a direct cause of death.
  INPATIENT ASSESSMENT OF HYPERGLYCEMIA
Clinical guidelines recommend glucose measurement in all patients admitted to the hospital. 13, 26 Patients with hyperglycemia (glucose > 140 mg/dL) and patients with a history of diabetes should undergo bedside point-of-care glucose testing before meals and at bedtime. Premeal testing should be done close to the time of the meal tray delivery and no longer than 1 hour before meals. For patients taking nothing by mouth or receiving continuous enteral nutrition, point-of-care testing is recommended every 4 to 6 hours.
Hemoglobin A1c (HbA1c) should be measured in patients with hyperglycemia and in those with diabetes if it has not been performed in the preceding 2 to 3 months. In hyperglycemic patients without a history of diabetes, an HbA1c of 6.5% or greater suggests that diabetes preceded hospitalization. In patients with diabetes, the HbA1c can help assess glycemic control prior to admission and tailor the treatment regimen at discharge.
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  TARGET GLUCOSE LEVELS
Glycemic targets recommended by several organizations are shown in Table 1 . For critically ill patients, most societies recommend glucose targets below 180 mg/dL, with the lower limit being anywhere from 110 to less than 150 mg/dL.
For patients in non-ICU settings, the Endocrine Society 26 and the American Diabetes Association/ American Association of Endocrinologists 13 practice guidelines recommend premeal glucose levels below 140 mg/dL, and below 180 mg/dL if checked randomly. Higher glucose ranges (< 200 mg/dL) may be acceptable in terminally ill patients or in patients with severe comorbidities. 26 Guidelines from the Joint British Diabetes Societies recommend targeting glucose levels between 108 and 180 mg/dL with an acceptable range of between 72 and 216 mg/dL. 27 
   INPATIENT MANAGEMENT OF HYPERGLYCEMIA
AND DIABETES Insulin regimens in critical care settings Insulin administration is the preferred way to control hyperglycemia in hospitalized patients. In critically ill patients, such as those with hypotension requiring pressor support, hyperglycemic crises, sepsis, or shock, insulin is best given via continuous intravenous (IV) infusion. The short half-life of IV insulin (< 15 minutes) allows fl exibility in adjusting the infusion rate in the event of unpredicted changes in nutrition or the patient's health. If the glucose level Premeal glucose target < 140 mg/dL.
Random glucose < 180 mg/dL.
A lower target range may be appropriate in patients able to achieve and maintain glycemic control without hypoglycemia.
Glucose < 180-200 mg/dL is appropriate in patients with terminal illness or with limited life expectancy or at high risk for hypoglycemia.
Adjust antidiabetic therapy when glucose falls < 100 mg/dL to avoid hypoglycemia.
Society of Thoracic Surgeons 28
Guidelines specifi c to adult cardiac surgery.
Continuous insulin infusion preferred over subcutaneous or intermittent intravenous boluses.
Treatment goal: Recommend glucose < 180 mg/dL during surgery (≤ 110 mg/dL in fasting and premeal states).
Target glucose levels in most patients are between 6 and 10 mmol/L (108-180 mg/dL) with an acceptable range of between 4 and 12 mmol/L (72-216 mg/dL).
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rises above 180 mg/dL, IV insulin infusion should be started to maintain levels below 180 mg/dL. 13, 26, 28, 29 A variety of infusion protocols have been shown to be effective in achieving glycemic control with a low rate of hypoglycemia. The ideal protocol should allow fl exible rate adjustment taking into account current and previous glucose values as well as changes in infusion rate. Hourly glucose measurements until stable glycemic control is established, followed by point-of-care testing every 1 to 2 hours, is needed to assess response to therapy and prevent hypoglycemia.
Insulin regimens in noncritical care settings
For most patients in a general, non-ICU setting, SC insulin therapy with basal insulin administered once or twice daily, alone or in combination with prandial insulin, is effective and safe. 13 Inhaled insulin is approved by the US Food and Drug Administration, but its use in the hospital has not been studied. The use of sliding-scale insulin is not acceptable as the single regimen in patients with diabetes, as it results in undesirable hypoglycemia and hyperglycemia.
30 Figure 1 presents an algorithm for selecting initial insulin treatment for patients with type 2 diabetes in the non-ICU setting.
Several SC insulin products are available, each with a different pharmacokinetic profi le, as outlined in Table 2 .
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Basal insulin prevents hyperglycemia during fasting states. Basal insulin is usually given as a once-or twice-daily long-acting insulin, such as glargine and detemir insulin. On occasion, twice-daily intermediate-acting insulin (neutral protamine Hagedorn; NPH) is used as a basal insulin.
Prandial insulin, also referred to as nutritional or bolus insulin, is given before meals as rapid-acting insulin (aspart, lispro, or glulisine) or short-acting insulin (regular) to prevent postmeal hyperglycemia. Rapid-acting insulin is preferred to regular insulin because of the faster onset and shorter duration of action, which may reduce the risk of hypoglycemia.
Correction or supplemental insulin is given to correct hyperglycemia when the glucose is above the goal. The same formulation is given together with prandial insulin.
Total daily dose of insulin is a measure that comprises basal and prandial insulin Figure 1 lists the recommended total daily dose for different clinical situations and patient populations.
Basal-bolus insulin usually refers to a regimen of long-acting basal insulin plus prandial insulin. In patients with adequate oral intake, the basal-bolus approach is preferred. The RABBIT 2 trial reported that basal-bolus regimens resulted in greater improvement in glucose control than sliding-scale regimens (correction insulin alone without basal or prandial components) in general medicine patients with type 2 diabetes. 32 In general surgery patients, basal-bolus regimens signifi cantly improved glucose control and reduced the numbers of post operative complications, primarily wound infections compared with slidingscale regimens. 4 Multiple doses of NPH and regular insulin were compared with basal-bolus treatment with longacting and rapid-acting insulin in two controlled trials in medical patients with type 2 diabetes. 20, 33 Both studies reported that treatment with NPH and regular insulin resulted in similar improvements in glycemic control and no difference in the rate of hypoglycemic events or in hospital length of stay, compared with basal-bolus insulin. Because NPH has a peak of action approximately 8 to 12 hours after injection, there is a risk of hypoglycemia in patients with poor oral intake.
In hospitalized patients who have reduced total caloric intake due to lack of appetite, acute illness, MANAGING INPATIENT HYPERGLYCEMIA medical procedures, or surgical interventions, the Basal Plus trial 34 reported that a single daily dose of glargine plus correction doses of rapid-acting insulin resulted in similar improvement in glycemic control and no difference in the frequency of hypoglycemia compared with a standard basal-bolus regimen. These results indicate that the basal-plus-correction regimen may be preferred for patients with poor or no oral intake, whereas an insulin regimen with basal, nutritional (basal-bolus), and correction components is preferred for patients with good nutritional intake.
35
SC insulin dosing refers to insulin doses administered subcutaneously calculated based either on weight or on home insulin doses. For insulin-naive patients, the starting total daily dose of insulin can usually be computed as 0.4 to 0.5 U/kg/day. Higher starting doses are associated with greater odds of hypoglycemia than doses lower than 0.2 U/kg/day. 36 In elderly patients and those with impaired renal function, lower initial daily doses (≤ 0.3 U/kg) may reduce the risk of hypoglycemia. 26 In patients treated with insulin prior to admission, the total daily insulin dose at home can be given as half long-acting basal insulin and half prandial insulin. The dose can be reduced by 20% to 25% to prevent hypoglycemia, particularly in those with poor or uncertain caloric intake.
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Noninsulin therapies
The use of oral antidiabetic agents is generally not recommended in hospitalized patients due to the limited data available on their safety and effi cacy, frequent contraindications, risk of hypoglycemia, and slow onset of action that may preclude achieving rapid glycemic control and daily dose adjustments. Table 3 lists the pros and cons of these agents in hospitalized patients.
The safety and effi cacy of sitagliptin, a dipeptidyl peptidase-4 inhibitor, for the management of inpatient hyperglycemia was evaluated in a randomized pilot study in patients with type 2 diabetes treated at home with diet, oral antidiabetic agents, or a low daily insulin dose (≤ 0.4 U/kg/day). 37 Patients were randomized to one of two treatments:
• Sitagliptin alone or with low-dose glargine insulin • Basal-bolus insulin regimen plus supplemental doses of insulin lispro. 
S39
LANSANG AND UMPIERREZ
Both treatment regimens resulted in similar improvement in mean daily glucose concentrations. However, patients admitted to the hospital with glucose levels above 180 mg/dL in the sitagliptin group had higher mean daily glucose levels than patients treated with basal-bolus or sitagliptin plus glargine. 
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Transitioning from IV to SC insulin When patients in critical care units are ready to be transferred to a general medical fl oor, appropriate transition from IV insulin to scheduled SC insulin is needed to prevent rebound hyperglycemia. This is imperative in patients with type 1 diabetes in whom just a few hours without insulin can result in diabetic ketoacidosis.
There are three general ways to calculate the SC insulin dose during the transition period. The fi rst two methods are weight-based and based on the home dose, as previously discussed. The third method is to extrapolate from the IV insulin. A common way is to sum up the total IV insulin dose in the past 6 or 8 hours and multiply by 3 or 4, and then reduce by 20% to achieve the basal insulin dose, presuming the patient had no oral intake on the IV insulin infusion. This last method is preferred in hemodynamically stable patients with stable insulin requirements.
If long-acting insulin is chosen as basal insulin, it should be given 2 to 4 hours before discontinuation of the IV insulin infusion. Intermediate-acting insulin should be given 1 to 2 hours before IV insulin discontinuation.
  SPECIFIC SITUATIONS AND POPULATIONS
Type 1 diabetes
Patients with type 1 diabetes have minimal to absent pancreatic beta cell function and rely on the exogenous administration of insulin to maintain glucose homeostasis. They have worse glycemic control and higher rates of acute kidney injury than patients with type 2 diabetes; however, the impact of inpatient glycemic control on clinical outcomes has not been determined in patients with type 1 diabetes. Insulin therapy must provide both basal and nutritional components to achieve the target goals. It is important to ask the patient directly to determine the times and doses of prescribed insulin, medication adherence, recent dietary habits (including changes in appetite), and level of physical activity. This information will be used to guide insulin therapy.
A systematic review of 16 clinical studies reported that patients who possess excellent self-management skills can be suitable for successful inpatient diabetes self-management. 38 The American Diabetes Association supports patient self-management of diabetes in the hospital. 39 However, the competence and readiness of each patient with type 1 diabetes need to be carefully determined in an individualized manner. Potential candidates for inpatient self-management are those with unaltered mental status, proven profi cient outpatient skills (eg, carbohydrate counting, frequent glucose monitoring, strong knowledge related to the management of insulin pump or injection techniques), and who are tolerating oral intake.
Enteral nutrition and tube feeding
Accidental dislodgement of feeding tubes, temporary discontinuation of nutrition due to nausea or for diagnostic testing, and cycling of enteral nutrition with oral intake in patients with an inconsistent appetite pose unique challenges in the hospital. Although it may be tempting to give basal and nutritional requirements to these patients as a single dose of long-acting insulin, this is not recommended. Low-dose basal insulin plus scheduled doses of short-acting (regular) insulin (every 6 hours) or rapid-acting insulin (every 4 hours) with correction insulin is often used. Some providers prefer giving intermediate-acting (NPH) plus short-acting (regular) insulin every 8 hours or every 12 hours.
It is generally accepted that diabetic enteral formulas that are low in carbohydrate and high in monounsaturated fatty acids are preferable to standard highcarbohydrate formulas in hospitalized patients with diabetes. In a meta-analysis, the postprandial rise in glucose was reduced by 20 to 30 mg/dL with the lowcarbohydrate high-fat formulations compared with standard formulations.
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Parenteral nutrition
The use of parenteral nutrition has been linked to aggravation of hyperglycemia independent of a history of diabetes as well as a higher risk of complications, infections, sepsis, and death. 41 Regular insulin can be added to the parenteral solution at a starting dose of 0.1 U/g of dextrose in nondiabetic patients and at 0.15 U/g of dextrose in patients with diabetes. 42 Alternatively, insulin can be given as a continuous IV infusion. Hemodynamically stable patients with mild to moderate hyperglycemia can be managed with basal insulin plus scheduled or as-needed doses of short-acting (regular) insulin every 6 hours. To prevent waste, it is better to underestimate the insulin added to parenteral nutrition so as to avoid having to discontinue it prematurely or add additional glucose.
Glucocorticoids
Glucocorticoids typically raise glucose starting 4 to 6 hours after administration. Low doses of glucocorticoids given in the morning tend to raise the late morning to evening glucose levels without affecting the fasting glucose. In this situation, the patient may S41 LANSANG AND UMPIERREZ be managed on prandial insulin without long-acting basal insulin or with intermediate-acting insulin given in the morning. Higher glucocorticoid doses may raise fasting glucose levels, in which case basal-bolus insulin would be appropriate, with the basal component comprising about 30% and the bolus about 70% of the daily dose.
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Insulin pump Approximately 400,000 US patients with diabetes use an insulin pump. 43 Successful management of inpatient diabetes with the continuation of insulin pump therapy has been previously demonstrated in select patients. Clear hospital policies, procedures, and physicians' orders with specifi cs on the type of diet, frequency of point-of-care glucose testing, and insulin doses (ie, basal rates, carbohydrate ratios, and correction formulas) should be in place. An inpatient diabetes specialist should assist with the assessment and management of a patient with an insulin pump.
If pump use is contraindicated ( Table 4 ) 44 or if inpatient diabetes resources are not available, discontinuation of insulin pump and transition to a basal-bolus insulin regimen ("pump holiday") may be the safest and most appropriate step. Most patients knowledgeable in insulin pump therapy are able to display in their pump screen the average total daily insulin used for the past few days. Based on this, safe estimations of basal, bolus, and supplemental insulin can be calculated. To avoid severe hyperglycemia or ketoacidosis from lack of basal insulin, it is important to administer the basal insulin component at least 2 hours before disconnecting the insulin pump.
Concentrated insulins
U-500 regular insulin is concentrated insulin that delivers the same amount of units in one-fi fth the volume of conventional insulins, which are U-100. Whereas there are 100 units of insulin in 1 mL for conventional insulins, there are 500 units of U-500 regular insulin in 1 mL. Its onset of action is similar to that of regular insulin, and the peak and duration are similar to that of NPH insulin. Concentrated insulin is often administered in the outpatient setting to patients who are insulin resistant and require close to 200 units a day. The U-500 pen device was approved in January 2016 and was projected to be available in April 2016. For now, it can only be procured in the vial form. This causes confusion in its dosing since it is given either with the usual insulin syringes, which are designed for U-100 insulin administration, or a tuberculin syringe, which is not marked in units but in milliliters.
Because of its unique nature and providers' lack of familiarity with U-500, certain institutions have a policy for its use. In many institutions, the doses are confi rmed by pharmacy staff and delivered by pharmacy to the patient's medication bin predrawn in a tuberculin syringe. 45 In addition, a study reported that many patients on U-500 at home required signifi cantly lower doses of insulin (average dose of 100 U/day) while hospitalized patients could be managed with conventional insulin formulations. 45 There are newer concentrated insulins in the market, such as insulin glargine 300 U/mL (Toujeo) and insulin lispro 200 U/mL (Humalog). These insulins, so far, come only in the pen device form and not in vials, obviating the need for dose calculations using a U-100 insulin syringe or tuberculin syringe. The effi cacy and safety of these insulin formulations have not been determined in the hospital setting.
Transitioning from home to hospital
Transition to an outpatient setting requires planning and coordination. Although insulin is used in the hospital for most patients with diabetes, many patients do not require insulin after discharge. On the other hand, diabetes regimens sometimes need intensifi cation in other patients. One study showed that patients with acceptable diabetes control (HbA1c < 7.5%) near or on admission could be discharged on their prehospitalization treatment regimen, while those with HbA1c between 7.5% and 9% could be discharged on oral agents plus basal insulin at 50% of the hospital basal dose. 46 Additionally, patients with an HbA1c of 9% to 10% should be discharged 
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on a basal-bolus regimen or on a combination of oral agents plus basal insulin at 80% of hospital dose, with a reduction in HbA1c seen 12 weeks after discharge.
  SUMMARY
Inpatient hyperglycemia is common and is associated with increased risk of hospital complications, higher healthcare resource utilization, and higher rates of inhospital mortality. In the critically ill, IV insulin is most appropriate, with a starting threshold no higher than 180 mg/dL. Once IV insulin is started, the glucose level should be maintained between 140 and 180 mg/dL.
In noncritically ill patients, a basal-bolus regimen with basal, prandial, and correction components is preferred for patients with good nutritional intake. In contrast, a single dose of long-acting insulin plus correction insulin is preferred for patients with poor or no oral intake. Preliminary data indicate that incretin therapy has the potential to improve glycemic control in patients with mild to moderate hyperglycemia and a low risk of hypoglycemia.
Transition to an outpatient setting requires planning and coordination. Measuring HbA1c at admission is important to assess preadmission glycemic control and to tailor the treatment regimen at discharge. Patients with acceptable diabetes control could be discharged on their prehospitalization treatment regimen. Patients with suboptimal control should have more intensifi ed therapy.
  REFERENCES
